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applfcatlon is reijKd to u <: p.. . • 
Serial No. 0S,'746 593 v 

T "-em oy ..e:e„r.« in iis eaireo'. 
Tiiis invention is directed to novf „ 

oifeo«„,„H* .Hie. ,i,«,s ,ox.« ^r,r ^ ^'"'■^ ""^"^ '""'^'"'"^ 

Mot. .^^nc^,, .pi "■^"'"^ -i„oor,a.,sn„. 

'.pot, ...e„ , o! ~ r r 

on^csacchatid. from ti,. solid supper. ™ 
mvct„ioc is aiso dir. Jl l ' '^-"«o„... 

--uppo„ .at., as:;::d;r ~ ^^-^ 
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The followins publications, patents and patent applications are cited in 
tis application as superscript numbers: 

Bartlctt J.O., ei al., -Antibiotic-Associated Pseudomembranous Colitis 
Due to Toxin-Ptoducing ClostridU-. N. Engl. /. Med.. 2^1.534 

Lyerly D.M "Epidemiology of Clostridium dij^cile Disease" Clin 
Microbiol. News, 15:49-53 (1993). " 

Su^'r^r^ J^^vm/A^I; "Oligosaccharide Sequences Attached to an Inen 
Support (SYNSORB) as Potential Therapy for Antibiotic- Associated 
1296 (199^ Pseudomembranous Colitis". /. Infect. Dis., 169:1291. 

A^?!.;-^*? ' ^'"^^ 5.484.773. for -Treatment of 

Antibiouc Associated Diarrhea", issued January 16. 1996. 

Spangler B.D. . "Structure and Function of Cholera Toxin and Related 
few-fil^^^^^^^ Enterotoxin". Microtioiosical Re.ie.s, 

Edelman. R. et al.. "Summary of the Imemaiional Symposium and 
workshop on Infections Due to Verocytoioxin (Shiga-like Toxln)- 
Producrag Escherichia coli\ L Infect. Dis. 157:1102.1104 (1988). 

Armstrong. G.D.. et al.. 'Investigation of Shiga-like Toxin Binding to 
1<M nS) 1167"(199^^^ Oligosaccharide Sequences'. /. Irifect. Dis , 

Armstrong. G.D.. et al.. "A Phase I Study of Chemically Synthesized 
Veroioxm (Shiga-like Toxin) Pk-Trisaccharidc Receptors Acuched to 
Chromosorb For Preventing Hemolytic-Uremic Syndrome". /. Infect. 
171:1042-1045 (1993). 

Rafter, et al.. U.S. Patent Application Serial No. 08/669.004. for 
Treatment of Bacterial Dysentery' filed June 21 , 1996. 

Karlsson. K.-A.. "Animal GylcosphingoHpids as Membrane Attachment 
Sites for Bacteria", Ann. Rev. Biochem., 58:309-350 (1989). 

Fishman. P H.. "Gangliosides as Receptors for Bacterial Enierotoxins". 
Adv. Lipid Res. . 25: 165-187 (1993). 
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Bloraberg, L.. U.S. Patent No. 4,923.980. for "Process for the 
Manufacture of a Gel Product", issued May 8, 1990. 

Blomberg L.. et al.. "Immobilization of Reducing Oligosaccharides to 
^6(l^t^ * Glycosylamide Linkage". J. Carbohydr. Chem., 12:263- 



Hutchins. S.M.. et al.. "A Strategy for Urea Linked Diamine 
Libraries", Tetrahedron Utters, 36:2583-2586 (1995). 

Ratcliffe. et al.. U.S. Patent No. 5.079.353. for "Sialic Acid Glycosides 
Antigens Immuno-Adsorbents and Methods for Their Preparation" 
issued January 7, 1992 

Weetal. et al.. "Porous Glass for Affinity Chromatography 
Apphcanons" in Methods in Enzymology, Vol. XXXTV. (Jacoby. et al 
Editors). Academic Press, New York (1974) pp. 59.72. 

Dubois, et al.. Xolorimetric Methods for Determination of Sugars and 
Related Substances", Anal. Chem., 23:350-356 (1956) 

Blanken and van de Eijnden. 'Biosynthesis of Terminal GaIaI.3Gal6l- 
4GicNAc Oligosaccharide Sequences on Glycoconjugates. / Biol 
2^ C'/i^«-.2iiQ: 12927-12934 (1985) 

Palcic. et al., "The Use of Hydrophobic Synthetic Glycosides as 
Acceptors in Glycosyltransferasc Assays. Gfycconj. 7., 5:49-63 (1988) 



AH of the above publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 

State ftfrh^ 

Toxins produced by bacteria and other organisms are known to cause a 
number of human diseases, including many diarrheal diseases. For example, 
toxin A. produced by the anaerobic organism Clostridim difficiU, is the major 
causative agent of antibiotic-associated diarrhea ("C. difficile associated 
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diarh..- or 'CDAD-, „d p«>„domen,br.„ou. colitis ("PMC~) - Similarly 
hea.-l.bi.. cntcrotoxi:, rLf). secrcud by «min emcro.oxi,««c of ' 
««. has been identified as on. of*, causaciv. a^«s of bac«ri„. 
.nduced «vcii.r-s diarrh...' I„ addition, the sW»a.iiic. toxins CSLT") 
producd by .nt.roI>.n,orri>agic E. coU. are know„o b. responsible for 
bemorrhagi. colitis and bemoly.ic^tremic syndrome." Shiga-like toxins at. 
also associated with bacteru^ dysentery.. And. of significant 
nnpo,«nce, cholera toxin rCT-). produc«l by VM. cHoUrae. has been 
-*"»''^««»"u»«ive agent of the severe diarrheal disuse. Cholera.' 

Many of th«e toxins from dis^se-causing microorganisms are totown to 
bu.d to Oligosaccharide r«eptors on host cells as an initial step in the 
pathological deveiopmem of the associated disease condition.-- Accordingly 
on. approach reported in the literature for diagnosing and treaUng such .ox J' 
"5 m^dtated d,seas.s U to adsorb the toxin from a toxin^ontaining sample or from 
2 ~ us^ for-examp... an oligosaccharide receptor analog which binds 
the toxin immobilized on an inen solid support. 

20 A hinds'!' " """"'^ "''"""^ " »'<in 

bmd ,0 certam synthetic oligosaccharide sequences covaientiy ,.tach«. ,o an 

m.n sohd support through a linking a,™ of a. l«s, one carbon atom with ■ 
specfic .x.mpiification of the -0(CHAC(0). linker mn.' These 
chgosaccharide-comaining solid supports a„ repor«d to effecUvely neutralize 
toxm A activity in stool samples fh>m patients with C. « associated 
■^5 diarrhea. 
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Addidonally. Heetze .t al. have disclose! phannac«„ical composiUons 
contatmng an oligosaccharide sequence covalemly attach«i to a 
Phatniaceutically accepuble solid, inert suppon through a non-peptidyl 
compatible linker am,, wherein the oligosaccharide s«,uence binds toxin A ' 
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Abo <ii«,o«d „«hod, Of dian-he. me<,U,ed by ,oxin A using such 

compos riions. 

Similarl,, AnnsBong et al. hav. Kpo^d a^, ,ug,.„^, . ^ 

SLT-I «d SLT-n/nc, bi«i certain synftetic «Oal(l^)PGal s«,ucnc« " 
covalenoy .,u,h^ „ ^ ^ -O(Ciy,C(0)- linker 

arm. 

^"*»«««S°«ccharide-con«ining solid «apponn»,rices„e 
known m the at,. eonv.™io„al methods for preparing these ^trices involve 
laborious chemical synthesis of a complex oligosaccharide catr,i,« , 
fi-ncfonalized linking a™ suitable for coupling the oligosacch^de to a solid 
soppor. (eg., an -0(CH^C(0)- linking am^. The synthesis of such 
ohgosaccharides generaUy «qui„s the selective protection and deprotection of 
various functional groups on me oligosaccharide (e.g.. hydroxyl groups) in 
order to symhesize the des,r«J sugar stmctute while allowing appropriate 
"nkage to the solid suppon. Such complex symhetic procedures are quite 
laborious With overall low yields due to the rather high number of individual 
reacaon steps As is apparent, the combination of complex chemistry with 
overall low yields hampers the widespread commercial developmem and use of 
these matrices. 

In contrast. Blombe^ et al. have disclosed a method for matrix 
formation which couples a reducing oligosaccharide to the amine group of a 
spacmg ann attached to a solid support followed by N-acylation to form a 
glycosylamide linkage."- The methods described by Blomber., et al " 
prowde. however, for a limited class of hydrophilic hydroxyl containing linking 
"rms and. accordingly, do not permit linking anns of selected 
hydrophobicity/hydrophii icily. 
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»x.n b.„d.„. o,.«o.,cch.„a« ,o solid »ppo„s U^ou^h ^ ^..^ „ 

range of difre„nl chemistries * 

3 

SUMMARY OF THE LNVEntION 

can bCr " ~ - - 

.0 a solir"'"'"' " """^ --'on is directed 

«'»«""''"PP<'n>»a<rixrepreseM«iby,hefo™i,: 

w 

^' 

SS.{R'-X-C-Y(R2X')^W-.2J, 

20 

wherein SS is a solid support; 

R' is selected from Che group consiscing of a covalent bond and a 
hydrocarbyjene group having from 1 to about 20 carbon atoms- 

R- .s a hydrocarbyl.ne group of from 2 to 20 carbon atoms- 

>NR- T " '"'^^""^"^^ *^Sroup consisting of -O- and 

>NR wherein each R* is independently selecr^ fi-^«, ». ^ • , 
RiMi>37 V . , ^'«"ed from hydrogen. -R2NH, or 

-R NR^Z wherein R^ is as defined above; 

W is selected from oxygen or sulfur; 

X is selected from the group consisting of -NH-. -O- and -S-; 
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Y is selected from the group consisting of -NH-. -O- and -S-; 

2 IS toxin-binding oligosaccharide; ' 

P is an integer of from 0 to 50 or more; and 

n is an integer such that the matrix has a loading level of the 

'ITTZ '"^^""'^ ^-001 to ai^out 2000 .mols per 

gram of solid support 

tnc loxm-bindmg oligosaccharide is at least 5. 

'^"i™^* P«ft«d n^crics of U,U invenuon ^ ^„ ^ 

clo„r r ' ° - of from 4 .o :0 

carbon «o™,. Such p„fc.cd ...rices „e „pr.se„«d by fte fo^uU: 

o 

II 

SS-IR'.NHCNH-R«.NR^-ZJ„ 

v-hc^in SS R., R= Z 3^ „ ^ 3, aefi... above ^^-^^ 

from 4 to 10 carbon atoras. « ™P pr 

/" """" P™^«- > P>«nnac«,ucal composition 

composnion comprises . solid support matrta desc,ib»l above a«l , 
Pharmac^t^ally .ccep.ab.c carrier suirabk for ora. adnunis.ra.ion, wherein ^ 
matrcc « capable of being .lin,i,«aed from the gas.rolotes.inal .rac. 



BRIEF DESCRIPTION OF THE DRAWINGS 

a„,.h J"^' °' Oligosaccharides 

attached lo solid support matrices as described in Table 1, 



FIGs. 11-13 iUusirate the chemical structure of SYNSORB 16 
SYNSORB 89 and SYNSORB Cd respectively. 

no. 14 demonstrates the neuttalizaiion of purified toxin A 
hemagglutination activity using solid suppon matrices containing an 
oligosaccharide. 



DETAILED DESCRIPTION OF THE INVENTION 
AS discussed above, this invention is directed, in part, to novel solid 
support matrices having covalently linked thereto through a linking arm an 
ohgosaccharide which binds roxins from disease^ausing microorgansims 
However, prior to discussing this invention in further derail, the following 
terms win first be defined, 

Definifinn<; 

M us«I hc«i„, the foUowidg «nns have a,e following mesnings unless 
expressly Slated to the contraiy. 

The tenn -. toxin-binding reducing oligosaccharide' refers to 
Oligosaccharide structures which bind toxins exp^sscd by bacteria, or other 
m«robia. souses which oligosaccharides are In their reduced form. That Is to 
say that the anomeric carbon atom of the reducing sugar is presented in an 
unprotected fonn as the -OH group. Examples of oligosaccharides which bind 
.0 toxins are well Icnown in u» ar, and are disclosed, for exan,ple. by Heerze 
eta,. andAm«„««.et.l,'.. Such oligosaccharides preferably contain from 
- .0 8 saccharide units and mote preferably from 2 to 4 saccharide units. 

Such saccharide units include, by way of example, all nanira. «hJ 
synftedc derivadves of glucose, galactose. N-acetylglucosamioe. N- 



acctylgalaciosamine. fticose. sialic acid. 3^eoxy-D,L-octulosomc acid, and the 
like. The saccharide units may be in cither their pyranose or ftiranose form. 
Preferably, the saccharide units are in their pyranose form. Additiotxally, all 
saccharide units described herein are in their D form except for fticose which is 
in its L form. 



The term 'alkyr refers to straight- or branched-chain alkyl groups 
having at least 1 carbon atom and preferably from 1 to 10 carbon atoms. 
Typical alkyl groups Include, by way of example only, methyl, ethyl, 
/i-propyl. wo-propyl, w-butyl. ^ec-butyl, /i-dccyl and the like. 

The term "alkoxy" refers to the group -0-alkyl where alkyl is as defined 
above. Typical alkoxy groups include, by way of example only, meihoxy. 
eihoxy, «-propoxy, Iso-propoxy, /i-butoxy, ^ec-butoxy, /i-decoxy and the like. 

The term "alkylene " refers to straight- or branched-chain alkylene 
groups having at least 1 carbon atom and preferably from 1 to 10 carbon atoms. 
T>'pical alkylene groups include, by way of example only, methylene (-CH,-), 
ethylene (-CHjCH,-), propylene (-CHaCHjCHr). iJ^J-propylene 
(-CH(CH3)CHj-). /7-butylene (-CH^CHjCHjCH;-). Jtfc-butylene 
(•CH<CH3CH,)CHj-) and the like. 



The term "alkenyl" refers to straight- or branched-chain alkcnyl groups 
having at least 2 carbon atoms, preferably from 2 to 10 carbon atoms, and at 
least 1 point of double bond unsaturation. Typical alkcnyl groups include, by 
way of example only, ethenyl (-CH=CH^, 1-propenyl (-CH-CHCHj). 
2-propenyl (-CHjCH-CH,), Z-butenyl (-CHiCH-CHCH,) and the like. It 
being understood that all isomers, e.g., cis and irans isomers, are included 
within this definition. 
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Th. Knn -alk«ylcn«- r.fe„ «> smigh,. <„ bra-Khed-chata alke„y,e„ 
groups having at l.a« 2 carbon a«„«. p„fcr.bly fr«„ j ,o carbon a»„s 
and a. leas. 1 point cf double bond .n«n„ati«n. T^plca. aUt.nyIe« groups ' 
mclude, by way of example only, etheoylene (-CH=CH-). .^ropenylene 
(-CH-CHCHj-). 2-propeiiyIene l-CKjCa^cH-). 2.butenylene 
(-CH,CH=CHCH,.) and Ae like. !■ being understood that .11 i«,mers. e g c» 
aoJ trans isomers, are incjuded within this deflniiion. 

-nte term "alkynyl" refers to straight- or br,nch«i<haln afltynyl groups 
havn^ a, least 2 carbon atotns, preferably fiom 2 to .0 carbon „o,m. and a. 
leas, ipote, of triple bond unsanttation. Typical aUcynyl groups include by 
way of example only, ethynyl «.CH). propargyl (-CRCCH) and the like. 

The tenn -alkynylene" refers ,o straight- or branched-chain aU5,nyl«,e 
groups having a, leas. 2 carbon a,on,s. preferably from 2 to 10 carbon atoms 
»d at leas. 1 point of triple bond unsaturation. Typical allcynylcn. groups ' 
include, by »,ay of example only, ethynylene (-C-C-). propar»lettt 
(-CHjC=C-) and die like. 



The tern, "atyl" refers to unsanirated aromatic carbocyclic groups 
preferably of ftom 6 to 14 carbon atoms having a single ring or multiple 
condensed rings which are optionally substituted wid, from 1 to 3 substituems 
selected ftom the group consisting of halo. t,iuo. cy«,o. alkyi, alkoxy. ary. 
mhalomethyl, and the like. Examples of su.uble aty, g™„ps include phenyl p. 
25 mtrophenyl. naphthyl and the like. 

The tem, "aryfene- refers to tmsamraied aromaUc carbocyclic groups of 
ftt.m 6 to 14 cart»n atoms having a single ring or multiple condensed rings and 
two pomts of linkage whfch are optionally substoted wiu. from 1 to 2 
substintents selected ftom halo, nitro. cyano. alky,, alkoxy. triha.omethy.. and 
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*e lite. Examples of aorlcn. groups include I.4-phe„yte« (e.g.. > 
and Che ,ite. I. being uMerstocd U«, aU possible pou«s cfli^ge JL^^, 
w.8,.„ Che .enn ao-ienc (e.*.. 1.4.phe„yle„e. 1.3i,henyl.„, ^ a« ,a„,. 

The tenn "cycloalkyl- refers cyclic rtJcyl groups of from 3 u> 

carbon a«>ms having a single cycic ring or muUiple condensed rings whic'h can 
be opr.o„,„ ^^^^ ^„ , ^ 3 ^^^^^ ^^^^ ^ 

n«lude. by way of example, single ring s.n.=.ures such as cyclopropy, 
cyclobuori. cyoopemyi, cyOoocyl, .-mcchy.cyciopropyl. i-meAvlcyciopemy, 
2.meAyIcycioo«yl. and .he like, or multiple ring smic«ires such « 
.d«^n.anyl, and d,e lite. Preferred cyc.oal^, groups are single nng sys«m. 
of from 3 lo g carbon atoms. 

The Krm "hydrocarbyl- refe„ «, monovalen, radicals compdsing only 
carbon and hydrogen ,*ich incl^ie. by «.y of example only, allcyl. altenv, 
alkytiyl, aryl. cycJoalkyl, and the like. 

H "^.T"" -hy<^--by,cne" refers to divalent radicals comprising only 
carbon and hydrogen which include, by way of example only, alkylene 
alkenylene, alkynyJene, arylene groups, and the like. 

The term "linking arm" or "spacing arm" refers to the chemical group 
wh.ch covalently attaches the oligosaccharide to the solid support. The number 
Of atoms m the linking arm separating the oligosaccharide and the solid suppon 
«s determined by adding each of the linear atoms in the 

W 

II 

-R'-X-C.Y(R-'X')pR-NR3- 
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group. That is to say that the linear atoms comprise the sum of atoms in R 
(non-branched atoms only). X. X', Y. R^ (non-branched atoms only), plus 2 
(i.e.. the carbon and nitrogen atoms in the hnear chain). 

The term "oxyalkylene unit" refers to an ether moiety having the general 
formula: -R^O-. wherein R" is an alkylene group, preferably of from 2 to 6 
carbon atoms. 



The term "polyCalkylene amine)- refers to a polymer or oligomer bavin- 
the general fot^ula: .(R^NH),-. wherein R^ is an alkylene group, preferably of^ 
from 2 to 6 carbon atoms, and c is an integer greater than 1 and preferably 
about 12 or less. When referring to the number of alkylene amine units in a 
panicular poly(alkylcne amine) compound, it is to be understood chat this 
number refers to the average number of alkylene amine units in such 
compounds unless expressly stated to the contrary. A mono(alkylene amine) 
group contains 1 alkylene amine unit. Examples of poly(alkylene amines) 
include, for instance, polyethyleneamines [e.g.. -(CH^CH.NH),- where z is an 
imegcr from 2 to 12J. 

The temi "polyCoxyalkyiene)' refers to a polymer or oligomer having 
the general formula: .(R^O),-. wherein R" is an alkylene group, preferably of 
from 2 to 6 carbon atoms, and ^ is an integer greater than 1 and typically about 
50 or less. When referring to the number of oxyalkylene units in a particular 
poly(oxyalkylene) compound, it is to be understood that this number refers to 
the average number of oxyalkylene units in such compounds unless expressly 
stated to the contrary. A mono(oxyalkylene) group contains 1 oxyalkylene unit. 

The term "solid suppon" refers to an inen, solid material to which an 
Oligosaccharide may be bound via a linking arm. When used in vi.o. the solid 
suppon w,ll be biocompatible and pharmaceutically acceptable. Suiuble solid 
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supports include, by vvay of example only, silica, including synthetic silicates, 
such as porous glass; biogenic silicates, such as diatomaccous earth; silicate- 
containing minerals, such as kaolinite; synthetic polymers, such as polystyrene, 
polypropylene, etc.; polysaccharides such as dextrans. celluloses (CMC). 
3 alginates, chitins, and chitosans; and the like. 

Preferred solid support materials for use in this invention are silica 
supports which have been silylaminated with a o-anunoalkyltrialkoxysilane 
using conventional procedures. Suiuble <o.aminoalkyltrialkoxysilanes include, 
10 for example, 3-arainopropyltriethoxysilane, 4-aminobutyltriethoxysilane and the 
like. A panicularly preferred- silica for use in such silylamination reactions is 
silica sold commercially under the tradename Chromosorb P"^^' by ManviUe 
Corp., Denver, Colorado. 

15 The term -antibiotic-associated bacterial diarrhea" refers to the 

condition wherein antibiotic therapy disturbs the balance of the microbial flora 
of the gut. allowing pathogenic organisms such as Clostridium difficile to 
flourish. These organisms cause diarrhea. Antibiotic-associated bacterial 
diarrhea includes such conditions as C. difficile associated diarrhea (CDAD) 

20 and pseudomembranous colitis (PMC). 

The term "biocompatible' refers to chemical inertness with respect to 
human tissues or body fluids. Biocompatible materials are non-sensitizlng. 



25 



The term "cholera" refers to an acute epidemic infectious disease caused 
by Vibrio cholerae, wherein a soluble toxin elaborated in the intestinal tract by 
the Vibrio alters the penneabiUty of the mucosa, causing a profuse watery 
diarrhea, extreme loss of fluid and electrolytes, and a state of dehydration and 
collapse, but no gross morphologic change in the intestinal mucosa. 



30 



BNSDOCID: <2A_9e03690A_L> 



-14- 

The term "cholera toxin" refers to an enterotoxln of V. cholerae which 
initiates cholera and related conditions. This toxin has a Icctin-like activity. 

The terras "heat-labile toxin" or "LT" refer to an enterotoxin of 
enterotoxigenic E. coli which initiates traveller's diarrhea and related 
conditions. This toxin has a Icctin-Iike activity. 

The term "pseudomembranous colitis" (PMC), also know as 
pseudomembranous enterocolitis or enteritis, refers to the inflammation of the 
mucous membrane of both small and large imesiine with the formation and 
passage of psudomembranous material (composed of fibrin, mucous, necrotic 
epithelial cells and leukocytes) in the stools. 

The term "toxin A" refers to an enterotoxin of Clostridium difficile 
which initiates CDAD and related conditions. This toxin has a lectin-Iike 
activity. 

The term "traveller's diarrhea" refers to diarrhea of sudden onset, often 
accompanied by abdominal cramps, vomiting and fever that occurs sporadically 
in traveller's, usually during the first week of a trip. This diarrhea is most 
commonly caused by enterotoxigenic E. coli. 

Gener{^| ^^ ynthetic Pr<;^ cflnrfa 

The oligosaccharide-containing solid support matrices of this invention 
may be prepared by the following general methods and procedures. It should 
be appreciated that where typical or preferred process conditions (e.g.. reaction 
temperatures, times, mole ratios of reactants. solvems. pressures, etc.) arc 
given, other process conditions may also be used unless otherwise stated 
Optimum reaction conditions may var>' with the panicular reactants or solvents 



used, but such conditions can be determined by one skilled in the an by routine 
optiini2ation procedures. 

Oligosaccharidc-coniaining solid suppon matrices of this invention may 
be prepared by contacting flinciionalized solid suppon materials of the formula: 

W 

I 

SS-IR'-X-C-T|„. or SS-(R-N=C=W].. 

with a linking reagent of the formula UY-(K-X');k^mi, under conditions to 
form an amino-functionalized solid support material of the formula: 

W 

II 

SS-IR'.X-C-Y(R*X'yi^HJ,. 

wherein SS. W. X. X', Y, R», R^. and p arc as defined above; T is selected 
from the group consisting of halogen and -OR' wherein R' is alkyi, haloalkyl, 
or aryl; n' is an integer such that the matrix has a loading level of the 
R'XC(=W)T or R>-N=»C»W functional group of from about O.OOl to about 
2000 Aimols per gram of matrix; and is an integer such that the amino- 
functionalized solid support material has a loading of amino groups of from 
about 0.001 to about 2000 /zmols per gram. 

Preferably, this reaction is conducted using an excess of the linking 
reagent based on the R'XC(=W)T or R'-N=:C=W functional groups in order 
10 minimize or prevent cross-linking of the solid suppon. More preferably, 
from about 2 to about 30 molar equivalents of the linking reagent will be 
employed in the reacUon based on the R'XC(=W)T or R'-N=C=W ftmcxional 
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groups. When T is a halo group, the reaction is preferably conducted in the 
presence of at least one molar equivalent, based on the linking reagent, of a 
suitable tertiary amine, such as diisopropylethylamine, iriethylamine, pyridine 
and the like, to scavenge the acid generated by the reaction. 

This reaction will generally be conducted at a temperature ranging from 
about -70 'C to about 70 "C, in an essentially anhydrous inert dUuent such as 
dimcthylformamide, acetonitrilc and the like, for about 1 to about 24 hours. 
After conviction of the reaction, the amino-functionalited solid support 
material b recovered by conventional methods, such as filicration. cenciftigaiion 
and the like, and the recovered material is optionally washed one or more times 
with an inen diluent, such as dimeihylformamide, water, methanol, 
dichloromethane and the like, to remove unreacted excess linking reagent and 
other soluble materials. 

The ftinctionalized solid support materials employed in this invention arc 
well known in art and can be prepared by conventional procedures. For 
example, such material can be prepared from a solid suppon containing an 
amino, hydroxyl or thiol ftmciional group by reaction of the solid support with 
a bifunctional reagent of the formula: L-C(«W)T wherein T and W are as 
defined above and L is a suitable leaving group, such as a halogen or -OR' 
wherein R' is an alkyl, haloalkyl or aryl group (including optionally substituted 
aryl groups). Suitable conditions for preparing a functionalized solid support 
using p-nitrophenyl chloroformate are described, for example, by S. M. 
Hutchins ei al. in Tetrahedron Letters}* 

Representative bifunctional reagents suitable for preparing 
fanciionalized solid support materials include, for example, alkyl haloformates. 
such as methyl chlorofonnatc, methyl bromoformate, ethyl chloroformate, n- 
propyl chloroformate and the like: haloalkyl haloformates. such as 
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trichloromethyl chloroformate (diphosgenc); aryl haloformaies, stich as phenyl 
chloroformate, p-chlorophenyl chloroformate, p-mirophenyl chloroformate and 
the like; phosgene; thiophosgene; and other suitable phosgene and ihiophosgene 
equivalents. Such bifiinctional reagents are well known in the art and are 
5 typically commercially available. 

The linking reagents employed in this invention are either known 
compounds or can be prepared from known compounds by conventional 
procedures. The linking reagent will typically contain a hydroxyl. thiol or 

10 primary amino functional group at or near one terminus of the reagent backbone 
and one or more primary amino groups at or near the opposite end of the 
reagent. In those cases where the reagent contains a hydroxyl or thiol 
fiinctlonal group, h may be preferable to protect or block the primary amino 
group(s) in the reagent to allow the hydroxyl or thiol group to selectively react 

15 with the functional ized solid support material. When necessary, primary amino 
groups can be protected using conventional protecting or blocking groups, such 
as Cbz. r-boc, etc., which are well known to those skilled in the an. 

A preferred group of linking reagents for use in this invention are 
20 alkylcne diamines of the formula: H^N-R^-NH:* wherein R' is an alkylene 
group having 2 to about 20 carbon atoms. Representative examples of such 
alkylene diamines include 1 ,4-diaminobutane (n-butylenediamine), 1,5- 
diaminopentane, U6-diaminohexane. 1 .8-diaminooctanc, and the like. 
Particularly preferred alkylene diamines are 1,4-diaminobutane and 1,6- 
75 diaminohcxane. 



Another preferred group of linking reagents are polyoxyalkylene 
diamines of the formula: HiN-CR^^O)^ R^^-NH., wherein R'^ is an alkylene 
group having 2 to about 3 carbon atoms and p'is an integer ranging from 1 to 
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about50. Preferred polyoxyalkylenc diamines include I,8-diamiiio.3.6. 
dioxaoctane and l.Il-diamino-3,6.9-irioxaundecane. 

Still another preferred group of linking reagents are polyalkylenc 
polyamines of the formula: H,N.(R>'NH),..H. wherein R" is an alkylene group 
having 2 to about 20 carbon atoms and p 'is an integer ranging from 2 to about 
20. Examples of suitable polyalkyJene polyamines include dieihylcnctriamine, 
dipropylcnetriamine. diisopropylenetriamine, dibutylenetriamine, 
trieihylcntetraaminc. tetraethylenepentaamine and the like. Particularly 
preferred polyalkylenc polyamines are di-. tri-. and tetra-ethylcnc amines. 

The amino-functionalized solid support material prepared as described 
above is then coupled to a toxin binding reducing oligosaccharide to provide an 
oligosaccharide-coniaining solid support mau-ix of the formula: 



W 

II 

SS-[R'-X-C-Y(R2X')pR-NH-Z]„ 
wherein SS. W, X. X'. Y. Z. R\ R^ n. andp are as dcfmcd above. 

This reaction is preferably conducted by contacting the amino- 
fiinctionalizcd solid support material with about 1 to about 1000 molar 
equivalents (preferably 74). based on the primary amino groups in the linking 
arm, of the toxin binding reducing oligosaccharide under conditions as 
described by Blombcrg. et al." " Preferably, a catalytic amount of acetic acid 
or a similar acid is employed in this reaction. 

Preferably, this reaction is conducted in an inen diluent, such as 
methanol, ethanol and the like, at a temperature ranging from about 20*C to 
about lOC^C. The reaction is generally complete in about 12 to about 72 hours. 
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Upon reaction completion, the product is recovered by conventional methods 
such as filtration, centrifiigaiion, etc. 

The toxin binding reducing oligosaccharides employed in this invention 
are either commercially available sugars (e.g., lactose) or can be prepared by 
conventional procedures which are well known to those skilled in the art. For 
example, such oligosaccharides can be prepared by enzymatic methods or by 
total chemical synthesis using known methodologies. See, for example, 
Ratcliffe, etal." 

Optionally, the glycosylaroine linkage connecting the oligosaccharide 
and the linking arm can be acylaied to form a glycosylamide linkage using the 
procedures described by Blomberg, et al."-=' 

Preferred acylating agents for use in this reaction are those having the 
fonnula: R«C<0).L', wherein is preferably a hydrocarbyl group having 
from 0 (i.e., formate) to about 20 carbon atoms (more preferably from 0 to 8 
carbon atoms), and L' is a suitable leaving group. Typically, the leaving 
group, L'. will be a halide, e.g., chloride or bromide; or a carboxylate group 
having the fonnula: -OC(0)R'-. wherein R- is as defined above. Alternatively. 
N-hydroxysuccinimide esters, and other activated esters well known in the art, 
can also be used. Representative examples of preferred acylating agents 
include, but are not limited to, acetyl chloride, acetic anhydride, propionyl 
chloride, propionyl anhydride, buianoyl chloride, and the like. When an acyl 
halide is utilized in this reaction, at least one molar equivalent, based on the 
acyl halide. of a tertaiy amine, such as diisopropylethylamine. trieihylamine, 
pyridine and the like, is preferably employed in the reaction to scavenge the 
acid generated during the reaction. 
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Preferably, the acy]ation reaction is conducted at a temperature in the 
range of about -TO'C to about TO'C in a diluent that is essentially anhydrous 
inert under the reaction conditions, such as methanol, cthanol, chloroform, 
toluene and the like. The reaction is generally complete in about 0.5 to about 
24 hours. The oligosaccharide-comaining solid suppon matrix is typically 
separated from any excess acylating agent by conventional procedures, such as 
filtration, cemiftigation and the like. The matrix is preferably washed one or 
more times with a suitable diluent, such as water, methanol, ethanol and the 
like, and dried under vacuum. 

C- Pharmaeeiifieal rf^TrirfT^iTi^Tlfi 

The phannaceutical compositions of this invention comprise an effective 
amount of an oligosaccharide-containing solid support matrix of the present 
invention to bind and remove toxin from disease-causing microorganisms from 
the gastrointestinal tract of a manunalian patient and a pharmaceutically 
acceptable carrier, wherein the matrix is capable of being eliminated from the 
gastrointestinal tract. Such phannaceutical compositions are useful for in vivo 
treatment of toxin-mediated diseases. 



:o 
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The phannaceutical compositions preferably comprise from about 0. 1 to 
99 weight percent of the oligosaccharide-containing solid support matrix and 
from I to 99.9 weight perccm of the phannaceutically inen canier. 

When used for oral administration, which is preferred, these 
compositions may be fonnulated in a variety of ways. It will preferably be in 
liquid or semi-solid fonn. Compositions including a liquid phannaceutical ly 
inert can-ier such as water may be considered for oral administration. Other 
phannaceutically compatible liquids or semi-solids. may also be used. The use 
of such liquids and semi-solids is well known to those of skill in the art. 
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Compositions which may be mixed with semi-solid foods such as 
applesauce, ice cream or pudding may also be preferred. Formulations which 
do not have a disagreeable taste or aftertaste are preferred. A nasogastric tube 
may also be used to deliver the compositions directly into the stomach. 

Solid compositions may also be used, and may opcionaUy and 
conveniently be used in formulations containing a pharmaceutically inen 
carrier, including conventional solid carriers such as lactose, starrh, dextrin or 
magnesium stearate. which are convenienUy presented in tablet or capsule form 
The oligosaccharide-containing solid support matrix itself may also be used 
without the addition of inert phannaceutical carriers, panicularly for use in 
capsule form. 

Doses are selected to provide neutralization of the toxin and elimi-nation 
of the toxin from the gut of the affected patient. Preferred doses are from about 
0.25 to 1.25 micromols of oligosaccharide/kg body weight/day. more 
preferably about 0.5 to 1 .0 micromols of oligosaccharide/kg body weight/day. 
Usiiig the oligosaccharide-comaining matrices of this invention, this means 
about 0.25 to 1.0 gram matrix.'kg body weight/day. which gives a concentration 
of matrix ir, the gut of about 20 mg/ml. Administration is expected to be 3 or 4 
times daily, for a period of one week or until clinical symptoms are resolved 
The dose level and schedule of administration may vary depending on the toxin 
bemg absorbed, the particular oligosaccharide strucnire used and such factors as 
the age and condition of the subject. Optimal time for complete removal of 
toxin activity will be be about 1 hour at 37-C. using a concentration of matrix 
of 20 mg in 1 ml sample. 



As discussed previously, oral adminisiraiion is preferred, but 
formulations may also be considered for other means of administration such as 
30 per rectum. The usefiilness of these formulations may depend on the particular 
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composition used and the particular subject receiving the u-eatment. These 
fon»u.ations n.y contain a iiquid carrier chat may be oi,y. aqueous, emulsified 
or contain certain sblvents suitable to the mode of admmistraiion. 

compositions may be fonnulatcd in unit dose form, or In multiple or 
«ibumt doses. For the expected doses set forth previously, orally administered 
liquid compositions should preferably contain about I ^mole 
oligosaccharide/rnL. 



The oligosaccharide-containing solid suppon matrices of this mvemion 
are useful for neutralizing toxins from disease.ausing microorganisms in the 
Sastromtestinal tract of a mammal as well as in diagnostic methods for 
deiemiining the presence of such toxins in biological samples. 

For example, the oligosaccharide-comaining solid suppoa matrices may 
be used to neutralise toxin A from die gastrointestinal tract of a mammal 
accordmg to the procedures described in U.S. Patent No. 5.484.773.^ Thus in 
this embodiment, the oligosaccharide attached to the solid suppon is selected 
for its ability to bind to.xin A. Neutralization is achieved by. for example, the 
oral administration of an effective amount of the pharmaceutical composition 
described above. 

Similarly, the mtrics provided by this i„v«n,io„ be «nptoyed to 
n«..r.,iz. SLT. .xprcs«a by e„,erohen,o.h>iic E. ccU accordi.^ „ U« 
procedures described in A™«ro„,. et ,1 " to this embodimem. the oli^o- 
saccharide attached to the solid stupor, is sefeoted for its ability «, bi„d 'sLTs. 
Asatt,, teutrafeatioa U achieved by. for exantple. the oral adtnitUstntion of .„ 
effective amoum of the phan«ce«tlcal composition described above 
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Other toxins subject to neutralization as in the maaner described above 
include, for example, cholera toxin, heat labile toxin, and the like. 

Additionally, the oligosaccharide-containing solid suppon matrices of 
this invention can be utili7ed to remove toxins from the blood of a manimal by 
the extracorporeal perfusion of the blood over a column comprising the solid 
supports and then reintroduction of the blood back into the mammal. 

Additionally, the oligosaccharide-containing solid suppon matrices of 
this invention are useftil for the rapid efficient binding of physiological 
concentrations of toxins present in biological samples, thus permitting assay of 
the presence and/or quantity of such toxins in these samples. Typically, the 
biological sample will be a stool sample. The sample may be extracted and 
prepared using standard extraction techniques. The sample or extract is then 
contacted with the oligosaccharide-containing solid suppon matrix under 
conditions where any toxin in the sample is absorbed. 

The toxin may be measured directly on the surface of the 
oligosaccharide-containing solid suppon matrix using any suitable detection 
system. For example, radioactive, biotinylated or fluoresccnily labelled 
monoclonal or polyclonal antibodies specific for the toxin may be used to 
determine the amount of toxin bound to the suppon. A wide variety of 
protocols for detection of formation of specific binding complexes analogous to 
standard immunoassay techniques arc well known in the an. 
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EXAMPLES 

The following examples are set forth to illustrate the cUirned invention 
and are not to be construed as a limitation thereof. Unless otherwise stated all 
temperatures arc in degrees Celsius. Also, in these examples, unless otherwise 
defined below, the abbreviations employed have .heir generally accepted 
meaning: 

" chlorea toxin 
- doublet 



Hz 



= gram 
= Hertz 
" liter 

■ heat-labile enterotoxin 
^ = molar 

"JS = milligram 

= megahertz 

= miililiicr 

= millimolar 

= micrograms 

■ microliter 
~ micromolar 
= millimole 

^ - phosphate buffered saline 

- microns 

;"mol m micromole 

milliunit 



TLC 
UDP 



thin layer chromatography 
uridine diphosphate 



Example 1 
Prepantfion of Sf>HH .Snrp on Matrf ^;^.; 
Chromosorb pTM. commerically available from ManviUe Con).. Denver 
Colorado, was sily.aminated with 3-aminopropyltried.oxysilane according to the 
procedure described in Weetal. et al 
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To the silylaminated Chromosorb P (20 g) and ^-nitrophenyl 
chJorofonnate (15 g. 75 mmol) in dry tetrahydrofiiran (80 mL) and dry 
dichloromethane (80 mL). was added diisopropylcthylaminc (13.1 mL. 75 
mmol). The mixture was shaken occasionally for 3 hours and the resulting 
resin was then filtered, washed with dichloromethanc/ietrahydrofunm (1:1, 5 x 
100 mL), and dried under vacuum. 

To the resulting dried resin was added 1.6-diaminohexane (8.7 g. 75 

mmol) in dry dimethylformamidc (200 niL) containing tricthylaminc (10.5 mL. 

75 mmol). The reaction was allowed to proceed for 90 minutes with occasional 

shaking. The resin was then removed by filiraiion, washed successively with 

water (3 x 300 mL), dimcihylfonnamide (3 x 300 mL) and 

dichloromeihane/tetrahydrofuran (1:1. 5 x 100 mL). and dried under vacuum to 
give 22 g of resin. 



A ponion of the resin Q.O g). lactose (27.4 mg. 80 ^L) in dry methanol 
(6.3 mL) was heated to 60«C in a sealed flask for 47 hours. The mixture was 
then cooled on ice (-5°C) and acetic anhydride (2.1 mL) was added. The 
mixmre was shaken occasionally for 12 hours, removed by filtration, and then 

20 washed with water ( 3 x 50 mL) and methanol (3 x 50 mL). Fine particles w«rc 
removed by suspending the resin in methanol and decanting the supernatant 
until it was clear. Drying the resin under vacuum gave 1.95 g of a lactose- 
containing solid support matrix. Analysis of the product using the phenol- 
sulfuric acid assay described in Dubois, et al." Indicated an oligosaccharide 

25 incorporation of 1.24 ^mol/g resin. 
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Example W 
Preparation of Solid Sunp ^^t M ffTri cci 
A suspension of sily laminated Chromsorb P (20 g. ca. 200 pmolc of 
am.ne/g) in dr>- dichJoromethanc (25 r^) and dxv acctonitn-Je (25 mL) and p. 
n.trophenyi chlorofonnate (40 mg. 200 M„.o.e) and diisopropylethylamine (35 
ML. 200,0.01) was shaken for 2 h at room temperature. The solid xva. collected 
on ascineered glass fia^el and washed with dichlorometha„e:acetonitri,c (114 
X OOn,L)andthendich.oromethane(lOOmL), To a suspension of the residJal 
sohd support in d^ acetonit^ile (50 .t) was then added hexane diaxnine (58 .g. 
500 ,mol) and tr.ethylan.ine (70 mL, 500 ,n.ole) and the fixture was agitated 
for 1 h. TTxe solid support was then collected on a scintered glass Wl and 
washed ..th water (3 x 300 .L), methanol (2 x 200 .L) and dichloromethane (2 
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To .he above amtea«i support (0.5 g) i„ , „ 35 

ml) w« added accUc acid (7 ^I.) and ..cose (8.0 mg. 20 ,mol) and ,he 
<vas hea,«i ,c 60-C in a sealed flask for 48 ^ The mixture .-as cooled ,0 5 'C 
and ac«ic anhydride (30 ,L) was *«, added and the mixture shaken occasional., 
for4 h. The sobd suppon ^^-as co.l.cted and washed with «-a,er(3 x ^0 mL) 
med^nol (3 X 20 n,L) and fine particles wer, removed by suspending it in ' 
methano. and decanting the supematam until c.e«. The solid was then washed 
mth d,ch.orome.h.ne (3 x 20 n,L, and dHed to aJTotd 0.44 g of solid support 
The incorporation of lactose declined using the assay described bv Dubois 
etal."tobe l OMmofgresin. 

Using the procedures of Example 1 , the so.id support matrices shown in 
Tab.. I were prepared front the indicated ..ky.ene diamine and oligosaccharide 
The chettucal structures for these nutrices are sho«n in Reures MO 
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Tabic I 
Solid SonfiQft Mafriff^< 



Example 
No. 


Alkvlene 
Diamine' 


v/iigo$accnviuC 
Structure 


OUgosaccharidc 
I nccrDO ration^ 


1 


1.6-DAH 


Figure 1 




2 


1.6-DAH 


Figure 2 


0 64 


3 


1.6-DAH 


Figure 3 


I .u 


4 


1.6.DAH 


Figure 4 


2.4 


5 


1,6-DAH 


Figure 5 


2.1 


6 


1,6-DAH 


Figure 6 


2.4 


7 


1.6-DAH 


Figure 7 


0.9 


8 


1,4-DAB 


Figure 8 


0.8 


Comp. A 


3 


Figure 9 


0.98 


9 


1,2-EDA 


Figure 10 


2.6 



1,6-DAH = 1 ,6-diaminohexanc; 1,4-DAB 
EDA - 1.2-ethyJenediamine. 



I.4-diaminobutane; 1,2- 



mMoIcs per gram of solid support matrix. 

No alkylenc diamine was used in Comparative Example A The 
oligosaccharide was coupled directly to silylaminated Chromosorb P 
usmg the procedures described by Blombers ct al 



Comparative Example B 
SYNSORB 16, as illustrated in Figure 11. comprises a conventional 
-0(CH2),C(0)- linkage. The product had an oligosaccharide incorporation of 
0.97Aimo!/g. 
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Comparative Example C 
SYNSORB 89. as illustrated in Figure 12, comprises a conventional 
-0(CH3),C(0)- linkage. The product had an oligosaccharide incorporation of 
1.0/umol/g. 



BNSOOCID: <ZA_860369(WV_I_> 



Comparative Example D 
SYNSORB Cd, as illustrated in Figure 13, comprises a conventional 
-0(CH2)8C(0)- linkage. The product had an oligosaccharide incorporation of 
1.2 ^mol/g. 

Example 10 

a(l-3)-Galactosyltransferase was isolated from calf thymus glands 
(obtained from Pel-Freeze Biologicals) by extraction and chromatography on a 
UDP-hcxanolaminc Sepharose column as described by Blanlcen and van de 
Eynden" using sodium cacodylate buffer instead of Tris-maleate buffer. After 
chromatography the enzyme was concentrated by ultrafiliration, dialyzed 
against 30 mM sodium cacodylate buffer. pH 6.5, containing 20 mM MnCI, 
and 0,1 % Triton X-100 and stored at 4'C. Galactosyliransferase activity was 
monitored by incubation with 540 /tM GaiP(1.4)GlcNacp-0-{CH,)8COOCH,. 1 
mM UDP-Gal. 35,000 d.p.m. UDP-pH]-Gal, 1 mg/raL bovine serum albumin. 
0.8% Triton X-100, 50 mM MnCl. and 100 mM sodium cacodylate buffer. pH 
6. 1 in a total volume of 20 /iL. After reaction for 30 minutes at 37'C, products 
were isolated on a reverse phase C-IS canridge as previously described by 
M.M. Palcic, et al.'» 

A reaction mixture containing lactose (50 mg). UDP-GaI(20 mg). 
a(l-3)-galactosyliransferase (60 mU). alkaline phosphatase (20 U), 20 mM 
MnClj and 0.1 % Triton X-100 in 50 mM sodium cacodylate buffer (3 raL) at 
pH 6.5. was incubated at Additional UDP-Gal was added to the mixture 

after 24 hours (20 mg>, and 48 hours (50 mg). After 120 hours, fresh a(l-3)- 
galactosyliransferase (20 mU) and UDP-Gal (10 mg) were added to the 
mixmre. which was incubated for an additional 72 hours to give about 95% 
conversion to product. The reaction mixture was filtered through a 0.2 ^ni 
Nalgene nylon filter, the filtrate was applied to a Bio-Rad AG 1X8 column (CI- 



form 2.5 x 20 cm, 0.6 mL/min) and the column was eluted with water. 
Saccharide fractions were combined and lyophilized. The dry residue was 
dissolved in 50 mM potassium phosphate buffer, pH 7.5, P-galactosidase (150 
mU) was added to the mixture to destroy unrcacted lactose, and the sample left 
at ainbieat temperature (24^C) for 18 hours. The mixture was then boUed for 2 
minutes, filtered through a 0.2 /*m filter and divided into three portions each of 
which was loaded onto a C-18 silica gel column (20 g). The columns were 
eluted with water (200 mL) and the aqueous elucnts were concentrated to 
dryness under reduced pressure. The residue was dissolved in water (5mL) and 
applied to a Bio-CJel P-2 column (2.5 x 100 cm, H,0, 0.2 mL/min). Fractions 
which contained the trisaccharide were combined and lyophilized to give 10.5 
ms of aGal(l-3)PGaI(l-4)Glc. 'H n.m.r. data (500 MHz, DjO): 6=5.22 (d. 
0.36H, y 3.6 Hz. H-la). 5.14 (d. 1 H, /3.0 Hz, 
H-l"). 4.66 (d. 0.64 H. J 8.0 Hz. H-lp), 4.51 (d. 1 H. / 8.0 Hz. H-l'). 

Example 1] 

Procedure for Screening Solid Support Matrices 
IP Petermire Th<^lr Ability ro Nrutralize CT an d LT Activity 

A solution containing purified CT or LT (Sigma Chemical Company, St. 

Louis, Missouri. USA, 2 ^8 in 1 mL PBS) was added to various solid support 

matrices (20 mg> in 1 .5 mL microcentrifuge tubes and incubated at room 

temperature for 1 hour on an end-over-end rotator. 

After incubation, the matrix was allowed to senle to the bottom of the 
tubes and the supernatams were carefully removed. Serial five-fold dilutions of 
the supematants were prepared and the cytotoxic endpoint determined as 
described in Example 12 below. The extent of reduction in the endpoint in the 
presence of the solid support matrix was determined by comparing the endpoint 
in the presence of the matrix with controls in which the matrix was not added. 
The results are shown in Table 2. 
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Pgrcepr NeutralizatioTi of t.t ^ r-r 


Solid Support Matrix' 


Toxin 


rercent i oxin Acti\ 


1 




LT 


12 








20 


2 




LT 


N/A 






CT 




3 




LT 


4 






CT 


4 


4 




LT 


4 






CT 


4 


5 




LT 


4 






CT 


1 


6 




LT 


87 








100 


7 




LT 


87 






CT 


100 


8 




LT 


9 






i 


9 


A 




LT 


20 






CT 


90 


9 




LT 


15 






CT 


36 


B 




LT 


4 






CT 


20 


C 




LT 


4 






CT 


4 


Chromosorb P= 




LT 


100 






CT 


100 



20 



Prepared according lo the indicated Example N( 
Unmodified Chromosorb P. 
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The data in Table 2 establishes that the solid support matrices of 
Examples 1-5 were comparable to Comparative Examples C and D in their 
ability to neutralize either LT or CT activity. These result establish that the 
differences in linking arm between Examples 1-5 and Comparative Examples B 
and C do not have any significant affect on toxin binding. 

Example 12 
Of Tox in Acrivitv Usin g Ti ss ue Culnire Thiq 
The cytotonic activity of CT and LT was measured using Chinese 
hamster ovary cells (CHO) maintained in Hams F12 medium supplemented with 
10% fetal bovine serum (FBS) in an atmosphere of 5% Ca at 37 "C. Toxin 
samples to be tested were diluted 1:5 in Hams media and filter sterilized 
through 0.22 pim syringe filter. Samples to be tested were serial 5-fold diluted 
in media and 100 nL of each dilution was added to wells with confluent 
monolayers of CHO cells and incubated for 24 hours at 37'C/5% CQ. Each 
sample was analyzed in duplicate. 

Cytotonic effects were readily visible after 24 hour incubation by 
comparing wells with controls that did not contain toxin. After 24 hours, the 
cells were fixed with 95% methanol and stained with Geimsa suin. Toxin 
containing samples from neutralization experiments were treated in an 
analogous fashion except that the percent neutralization was determined by 
comparing the cndpoint dilutions of samples with and without the solid support 
matrix. 



10 



15 
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Examplc 13 

Prcxedure for Screening Solid Support Matrices 
to Determine Their Ability to Neutral ize Toxin A Activity 

The purpose of this example Is to illustrate the differences between 

binding of Toxin A with a matrix of this invention (Example 2) compared to a 

conventional matrix employing a -0(CH2)gC(0)- linking arm (Comparative 

Example C). 



Toxin A was purified from a toxin producing strain of C difficile 
(ATCC 43255, VP! strain 10463) as described in Hccrzc, ci al.^ A solution 
conuining purified toxin A (1 mL) was added to 20 mg samples of various solid 
support matrices in 1.5 mL microcentrifijge cubes. The tubes were then 
incubated at room temperature for 1 hour on an end-over-end rotator. After 
incubation, the solid support matrix was allowed to scnle to the bottom of the 
mbes and the supcmatants were careftilly removed. Serial two-fold dilutions of 
the supernatants were prepared and the amount of toxin A activity was 
determined by measuring the hemagglutination end point using the procedure 
described in Example 14 below. 

The extent of reduction in the end point in the presence of the solid 
support matrix was determined by comparing the end point with that of controls 
in which matrix was not added. 



Results are shown in Figure 14. The data shown in Figure 14 
demonstrate that the solid suppon matrix of Example 2 was comparable to 
Comparative Example C in its ability to neutralize toxin A activity. 



30 
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Example 14 

Hemagglutination Assay JUin^ JtubWtt , f ^rvji^Y^^,^?,- 
Fresh rabbit ctythrocyces were washed once in PBS and re-suspended ai 
a concentration of 2% (vol/vol) in cold PBS. Serial two-fold dUutions (50 mL) 
of toxin A-containing solutions were made in cold PBS in U-shaped microliter 
wells. An equal volume (50 ^L) of rabbit erythrocytes was then added to each 
well and the microtiter plate was mixed genriy. After incubating the plate for 4 
h ai 4''C, the hemagglutination titer was assessed visually. All assays were 
done in duplicate. 

From the foregoing description, various modifications and changes in 
the compositions will occur to those skilled in the an. All such modifications 
coming within the scope of the appended claims are intended to be included 
therein. 
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1^ %j »^^x I cK^oo^Mti; 



1 • A solid suppon matrix of the fonnula: 

W 

II 

SS-fR'-X-C-Y(R'X')pR^NR3-Z]„ 
wherein SS is a solid support; 

R' is selected from the group consisting of a covalent bond and a 
hydrocarbylcne group having from 1 to about 20 carbon atoms.- 

R» is a hydrocarbylene group of from 2 to 20 carbon atoms; 

each X' is independently selected from the group consisting of -O- and 
> NR* wherein each is independently selected from hydrogen. R^NH, or 
R-NR'Z wherein R^ is as defmed above: • 

R' is selected from the group consisting of hydrogen and -C(0)1^ 
wherein R' is selected from the group consisting of hydrogen and hydrocarbyl 
of from 1 to 20 carbon atoms; 

W is selected from oxygen or sulftir; 

X is selected from the group consisUng of -NH-. -O- and -S- 
y is selected from the group consisting of -NH-, -O- and -S-; 
Z is toxin-binding oligosaccharide; 
p is an integer from 0 to 50; and 

n is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about 0.001 to about 2000 ^moles per 
gram of solid support 

wherein the total number of atoms separating the solid suppon from the 
toxin-binding oligosaccharide is at least 5. 

2. The solid support matrix of claim 1 wherein X and Y are -NH- 
and W is oxygen. 



3- The solid support matrix of claim 2 ^vherein p is zero. 



4. The solid suppon matrix of claim 3 wherein is selected from 
hydrogen and -C(0)CH3. 

5 . A solid support matrix of the formula: 

O 

II 

SS-fR'^NHCNH-R^-NR^-Z]„ 

wherein SS is a solid support; 

R' is selected from the group consisting of a covalent bond and a 
hydrocarbylene group having from 1 to about 20 carbon atoms; 

R^ is selected from the group consisting of hydrogen and -C(0)R? 
wherein is selected from the group consisting of hydrogen and hydrocarbyl 
of from 1 to 20 carbon atoms; 

R* is an alkylcne group of from 4 to 10 carbon atoms. 

Z is toxin-binding oligosaccharide; and 

« is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about O.OOl to about 2000 ^imoles per 
gram of solid support 

wherein the total number of atoms separating the solid suppon from the 
toxin-binding oligosaccharide is at least 5. 

6. A pharmaceutical composition useful for in vivo treatment of a 
toxin-mediated disease in a mammal, which composition comprises a 
pharmaceutically acceptable carrier suitable for oral administration and a solid 
support matrix of the formula: 



"36- 

W 

fl 

SS-[R«-X-C-Y(R=X')pR^NR5-Z], 
wherein SS. is a solid support; 

R' is selected from the group consisting of a covalent bond and a 
hydrocarbylene group having from \ to about 20 carbon atoms; 

R- is a hydrocarbylene group of from 2 to 20 carbon atoms; 

each X' is independently selected from the group consisting of -O- and 
>NR-' wherein each R* is independently selected from hydrogen, -R-NHj or 
-R^NR'Z wherein R- is as defined above; 

R' is selected from the group consisting of hydrogen and -C(0)R* 
wherein R« is selected from the group consisting of hydrogen and hydrocarbyl 
of from 1 to 20 carbon atoms; 

W is selected from oxygen or suliur; 

X is selected from the group consisting of -NH-, -O- and -S-; 
Y is selected from the group consisting of -NH-, -O- and -S-; 
Z is toxin-binding oligosaccharide; 
p is an integer from 0 to 50; and 

n is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about 0.001 to about 2000 /^moles per 
gram of solid support 

wherein the total number of atoms separating the solid suppon from the 
loxin-binding oligosaccharide is at least 5 and 

further wherein the matrix is capable of being eliminated from the 
gastrointestinal tract. 

7. The pharmaceutical composition of claim 6 wherein X and Y arc 
-NH- and W is oxygen. 

8. The pharmaceutical composition of claim 7 wherein p is zero. 



9. The phannaceutical composition of claim 8 wherein R" is 
selected from hydrogen and -C(0)CH,. 



10. A pharmaceutical composition uscflil for in vivo treatment of a 
toxin-mcdiaied disease in a rhanunai, which composition comprises a 
pharniaceutically acceptable carrier suitable for oral administration and a solid 
support matrix of the formula 

O 

I 

SS-IR'-NHCNH.R«-NR^-Z]„ 

wherein SS is a solid support; 

R' is selected from the group consisting of a covalent bond and a 
hydrocarbylene group having from I to about 20 carbon atoms; 

R' is selected from the group consisting of hydrogen and -CCO)!^ 
wherein R' is selected from the group consisting of hydrogen and hydrocarbyl 
of from 1 to 20 carbon atoms; 

R* is an alkylene group of from 4 to 10 carbon atoms. 
Z is toxin-binding oligosaccharide; and 
/I is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about O.OOl to about 2000 ^molcs per 
gram of solid support 

wherein the total number of atoms separating the solid support from the 
toxin-binding oligosaccharide is at least 5; and 

funher wherein the matrix is capable of being eliminated from the 
gastrointestinal tract. 



-38- 



11. A substance or composition for use in a method of in vivo 
treatment of a toxin-mediaicd disease in a mammal, said substance or 
composition comprising a solid support matrix of the formula: 

W 

il 

SS-IR*-X-C-Y(R=X')pR2NR^.Z]„ 
wherein SS is a solid support; 

R* is selected from the group consisting of a covalem bond and a 
hydrocarbylene group having from 1 to about 20 carbon atoms; 

R^ is a hydrocarbylene group of from 2 to 20 carbon atoms; 

each X' is independently selected from the group consisting of -O- and 
>NR'* wherein each R"* is independently selected from hydrogen. -R*NH. or 
-R'NR^Z wherein R^ is as dcfmed above; 

is selected from the group consisting of hydrogen and -C(0)R^ 
wherein is selected from the group consisting of hydrogen and hydrocarbyl 
of from I 10 20 carbon atoms; 

W is selected from oxygen or sulfur; 

X is selected from the group consisting of -NH-, -O- and -S-; 
Y is selected from the group consisting of -NH-» -O- and -S-; 
Z is toxin-binding oligosaccharide; 
p is an integer from 0 to 50; and 

n is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about O.OOl to about 2000 pimcles per 
gram of solid suppon 

wherein the total number of atoms separating the solid support from the 
loxin-binding oligosaccharide is at least 5 and 

further wherein the matrix is capable of being eliminated from the 
gastrointestinal tract, and said method comprising orally administering said 
substance or composition with a pharmaceutically acceptable carrier 
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12. A substance or composiiion for use in a method of treatment of 
claim 1 1 wherein X and Y are -NH- and W is oxygen. 

13. A substance or composition for iise in a method of creatmenc of 
claim 12 wherein p is zero. 

14. A substance or composition for use in a method of treatment of 
claim 13 wherein is selected from hydrogen and -C(0)CH5. 

15. A substance or composition for use in a method of in vivo 
treatment of a taxin*mediated disease in a mammal, said substance or 
composition comprising a solid support malrbc of the formula 

0 

li 

SS-CR' -NHCNH.R*-NR^-Z], 

wherein SS is a solid support: 

R* is selected from the group consisting of a covalcm bond and a 
hydrocarbylene group having from 1 to about 20 carbon atoms; 

R^ is selected from the group consisting of hydrogen and -C(0)R* 
wherein R^ is selected from the group consisting of hydrogen and hydrocarbyl 
of from I CO 20 carbon acorns: 

R* is an alkylene group of from 4 to 10 carbon atoms. 

Z is toxin-binding oligosaccharide; and 

n is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about 0.001 to about 2000 .i^moles per 
gram of solid support 

wherein the total number of atom^ separating the solid support from the 
toxin-binding oligosaccharide is at least 5; and 

ftiriher wherein the matrix is capable of being eliminated from the 
gastrointestinal tract, and said method comprising orally administering said 
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substance or composition with a pharmaceutically acceptable carricr. 

16. Use of a solid support matrix of the fonnula: 

W 

I! 

SS-(R^X^C^Y(R2X')pR^NR5-Zl„ 

wherein SS is a solid support; 

is selected from the group consisting of a covalenc bond and a 
hydrocarbylene group having from 1 to about 20 carbon atoms: 

R- is a hydrocarbylene group of from 2 to 20 carbon atoms; 

each X' is independently selected from the group consisting of -O- and 
>NR'* wherein each is independently selected from hydrogen, -R-NH^ or 
-R-NR^Z wherein R- is as defined above; 

R- is selected from the group consisting of hydrogen and -C(0)P? 
wherein R* is selected from the group consisting of hydrogen and hydrocarbyl 
of from 1 to 20 carbon atoms; 

W is selected from oxygen or sulfur: 

X is selected from the group consisting of -O- and -S-; 

Y is selected from the group consisting of -NH-, -O- and 
Z is toxin-binding oligosaccharide; 
p IS an integer from 0 to 50; and 

n is an integer such that the matrix has a loading level of the 
toxin-binding oligosaccharide of from about 0.001 to about 2000 /^moles per 
gram of solid suppon 

wherein the total number of atoms separating the solid support from the 
toxin-binding oligosaccharide is at least 5 and 

further wherein the matrix is capable of being eliminated from the 
gastrointestinal tract, in the manufacture of a preparation suitable for oral 
administration for in vivo treatment of a toxtn-mediated disease in a mammal. 
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37. Use of claim 16 wherein X and Y are -NH- and W is oxygen. 

18. Use of claim 17 wherein p is zero. 

19. Use of claim 18 wherein is selected from hydrogen and 
-C(0)CH3. 

20. Use of a solid support matrix of the formula 



O 

i 

SS-[R'-NHCNH-R^.NR'-2], 

wherein SS is a solid support: 

is selected from the group consisting of a covalcnt bond and a 
hydrocarbylene group having from 1 to about 20 carbon atoms: 

R^ is selected from the group consisting of hydrogen and -C(0)R^ 
wherein is selected from the group consisting of hydrogen and hydrocarbyl 
of from I to 20 carbon atoms; 

R* is an alkylene group of from 4 to 10 carbon atoms. 
Z is toxin-binding oligosaccharide; and 
n is an integer such thai the matrix has a loading levc! of the 
toxin-binding oligosaccharide of from about 0.001 to about 2000 ^molcs per 
gram of solid suppon 

wherein the total number of atoms separating the solid support from the 
toxin-binding oligosaccharide is at least 5; and 

further whercm the matrix is capable of being eliminated from the 
gastrointestinal tract, in the manufacture of a preparation suitable for oral 
administration for in vivo treatment of a toxin-mediated disease in a mammal. 

21 . A matrix as claimed in claim 1 or claim 5, substantially as herein 
described and illustrated. 
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22. A composiUon as claimed in claim 6 or claim 10, subsiantiaUy as 
herein described and illustrated. 

23. Use as claimed in claim 16 or claim 20, substantially as herein 
described and illustrated. 

24. A substance or composition for use in a raediod of treatment as 
claimed in claim 11 or claim 15, substantially as herein described and 
illustrated. 



25. A new matrix, a new composition, a new use of a matrix as 
defined in claim 16 or claim 20, or a substance or composition for a new use in 
a method of treatment, substantially as herein described and disclosed for the 
first time cither herein or in appUcant's earlier application from which 
Convention priority is claimed. 

DATED TfflS 30TH DAY OF APRIL 1998 
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